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(54) LAMINATED HEAT-RESISTANT OPTICAL PLASTIC SHEET AND PROCESS FOR PRODUCING 
THE SAME 

(57) An optical plastic laminated sheet excellent in 
heat resistance and transparency is disclosed, which 
comprises a laminate of at least one first layer of an 
optically transparent polymer and a second layer of an 
optically transparent polymer having a lower glass tran- 
sition temperature than that of the first layer polymer. 

The laminated sheet possesses excellent impact 
strength and rigidity as well as excellent optical proper- 
ties and is useful as a substrate in the field of photoelec- 
tronics. 
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Description 

Technical Field 

The present invention relates to an optically trans- 5 
parent and heat-resistant plastic laminated sheet its 
producing method and a heat-resistant transparent sub- 
strate using the aforementioned laminated sheet. 

Background Art 10 

With rapid progress of the electronic technique 
lately, the field of photoelectronics such as liquid crystal 
display elements, electroluminescent display elements 
and photoeiectronic transfer elements for solar cells has is 
been spreading steadily. 

In such fields, photoeiectronic elements have been 
supplied to various uses generally for such elements 
placed on a glass substrate having a transparent con- 
ductive layer. 20 

Since, however, glass is problematic due to its 
insufficient mechanical strength, especially brittleness, 
this resulting in lowering of durability of elements and, to 
cope with it, substrates specially treated like those of 
tempered glass are now being often used. When such 25 
elements are incorporated into portable devices in par- 
ticular, their weight is increased due to large specific 
gravity of glass. Therefore, thinning of the glass sub- 
strate is required and substrates 0.4 mm or so in thick- 
ness are now feasible. However, its brittleness still 30 
remains and problems such as lowering the yield due to 
breaking in the process or lowering of impact strength of 
the elements remain unsolved. 

Thus, strengthening and weight-saving of sub- 
strates are strongly desired and from the viewpoints of 35 
lightness, impact strength and interchangeabiiity with 
glass, generally preferred are optically transparent (i.e. 
80% or more in ray transmission and 5% or less in haze) 
plastic substrates having 0.2-0.5 mm thickness and 
having a reasonable rigidity. 40 

With respect to the process temperature required 
for the formation of photoeiectronic elements taken into 
consideration, however, a high heat resistance of not 
less than 180°C, preferably not less than 200°C are 
required and, when application to liquid crystal ele- 45 
ments is considered, a low retardation preferably of not 
more than 50 nm, more preferably, not more than 20 nm 
is required. Meanwhile, when a plastic film or sheet is 
made, its molecules are subjected to orientation, and it 
is particularly difficult to obtain a film or sheet which is so 
low in retardation by a melting method, especially when 
the material used is high in heat resistance. For exam- 
ple, when a material used is relatively low in heat resist- 
ance such as polycarbonates, it is even possible to 
obtain a sheet low in retardation of not more than 50 nm ss 
which is usable for the production of liquid crystal dis- 
play elements, but no low-retardation sheet is obtaina- 
ble from a material of not less than 180°C in glass 
transition temperature such as polyarylates. 



Meanwhile, in the case of supernematic liquid crys- 
tal displays (STN-LCD), it is a general practice to use a 
high molecular film (phase difference film) with its retar- 
dation, which is represented by the product of birefrin- 
gence and thickness, controlled to a specific value stuck 
to a glass substrate in order to improve its display qual- 
ity. When the substrate is made of a plastic, features not 
obtained with a glass substrate such as imparting the 
phase difference function thereto for cost saving are 
expected. Thus, particularly desired is a plastic sub- 
strate heat-resistant with its retardation well controlled 
to be not less than 100 nm, preferably in a range of 
about 100-700 nm. 

For that purpose, proposed is a method of using 
heat-resistant high molecular materials such as polyar- 
ylates, polysuffones, polyethersulfones, and poly- 
etheretherketones made in film form by a solvent 
casting method and using in the form of the so-called 
plastic liquid crystal cells etc. (Japanese Laid-open Pat- 
ent Publication No. 119321/ '84, Japanese Laid-open 
Patent Publication No. 167208/ '85, Japanese Laid- 
open Patent Publication No. 147721/'85, Japanese Pat- 
ent Publication No. 41539/ '86, USP No. 4623710), but 
such plastic substrates are filmy some 0.1 mm in thick- 
ness. These are, however, more flexible and less rigid 
than glass, hence cannot be used in common in proc- 
esses in which glass substrates are used. Thus, it is not 
proper for the purpose of eliminating the defect of glass 
substrate by the use of any existing glass substrates 
process, and the development of a new process is 
required. 

In order to improve the rigidity of such film , it is con- 
sidered to increase the film thickness but if the increas- 
ing of the film thickness is intended by a solvent casting 
method, defects such as bubbling are likely to occur 
and, worse, marked lowering of producibility makes its 
application to commercial production difficult, the upper 
limit thus being about 200 um. When the increasing of 
film thickness is intended by a melt-extruding method, 
optical isotropy is not only lost but. surface smoothness 
or external appearance is bad due to die lines formed 
during molding, it is difficult to use such films as liquid 
crystal display substrates. 

Meanwhile, the possibility of film-forming essen- 
tially low birefringent plastics such as polymethyl meth- 
acrylates and modified polydefins or curing-type 
plastics such as crossiinked acryl resins or epoxy resins 
as disclosed in Japanese Laid-open Patent Publication 
No. 194501/ '94 for this purpose, but the former lacks in 
heat resistance required for glass process, while the lat- 
ter is problematic with its poor producibility and is not 
suitable for mass-production, it is also possible to make 
a sheet by laminating the aforementioned heat resistant 
optical film, but there is no adhesive excellent in both 
heat resistance and reliability, and high treating temper- 
ature is required for heat lamination to thus cause dete- 
rioration in properties such as denaturation and tinting 
of resins. 
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Thus, there has been found to date no commer- 
cially usable materials having the rigidity and the heat 
resistance required for having interchangeability with 
the glass process, and excellent in impact strength as 
well as in optical properties such as high transparency 
and low retardation. 

In view of such actual situation, the present inven- 
tion provides a good heat-resistant optical plastic lami- 
nated sheet excellent in heat resistance and optical 
properties and having good mass-prod ucibi I ity, being 
thus well suited for use as photoelectronic elements. 

After intensive studies for attaining the aforemen- 
tioned objects, the present inventors discovered that a 
laminated structure comprising a layer having a high 
heat resistance and another layer excelled in physical 
properties at room temperature provides a good optical 
plastic laminated sheet having a high rigidity and excel- 
lent optical properties as well as high heat resistance, 
and arrived at the present invention. 

Disclosure of the Invention 

The present invention relates, in a first asepct, to an 
optically plastic laminated sheet comprising a laminate 
of at least one first layer of an optically transparent pol- 
ymer and a second layer of an optically transparent pol- 
ymer having a lower glass transition temperature than 
that of the first layer. 

The present invention relates, in a second aspect, 
to a method of producing an optical plastic laminated 
sheet excellent in heat resistance and transparency, 
wherein a film of an optically transparent polymer con- 
stituting a first layer and another optically transparent 
film having a lower glass transition temperature than 
that of the first layer polymer, constituting a second layer 
are laminated together by heating. 

The present invention relates, in a third aspect, to a 
heat-resistant transparent substrate to be used as pho- 
toelectronic elements in which the aforementioned opti- 
cal plastic laminated sheet is used. 

Best Mode of Practicing the Invention 

The present invention relates to a sheet comprising 
a first layer of a highly heat-resistant material having a 
higher glass transition temperature and a second layer 
of a material having a lower glass transition tempera- 
ture. 

The optically transparent polymer constituting the 
first layer means what is not less than 80% in ray trans- 
mission and less than 5% in haze, a highly heat-resist- 
ant thermoplastic resins called engineering plastics 
such as polyarylates, polycarbonates, polysulfones, pol- 
yethersulfones and polyvinyl alcohols. The first layer 
may be a single layer or a plurality of layers of not less 
than two. 

Polyarylates or polycarbonates having aromatic 
groups in the principal chain are highly heat resistant 
and transparent and are suited and preferred for a film 



or sheet (called "film" hereinafter). Details of the afore- 
mentioned polymers are described in Japanese Laid- 
open Patent Publication No. 73021/'82, Japanese Laid- 
open Patent Application No. 13583/'89, Japanese Laid- 

5 open Patent Publication No. 88634/ ? 90, and Japanese 
Laid-open Patent Publication No. 23720/90. The glass 
transition temperature of such polymers is not less than 
160°C, preferably not less than 180°C and more prefer- 
ably not less than 200°C. 

10 The first layer is laminated on either or both sides of 
the second layer having a lower glass transition temper- 
ature than that of the first layer, which ensures against 
thermal deformation of the second layer when the lami- 
nated sheet is subjected to a high temperature. The 

is thickness of the first layer is determined by the thick- 
ness of the laminated sheet, the required heat resist- 
ance and form stability but usually it is 20-80% of the 
thickness of the laminated sheet. When the aforemen- 
tioned laminated sheet is simply used as a substrate for 

20 a liquid crystal display device, the sheet is required to 
be low in retardation, generally preferred to be not more 
than 50 nm, more preferably, not more than 20 nm 
although it depends on the kind of of the liquid crystal 
display device. If the phase difference function is 

25 imparted to the aforementioned sheet, it may easily be 
done by doing lamination after applying the predeter- 
mined retardation to at least one layer to be laminated. 
Generally, retardation is required to be not less than 100 
nm and preferably not less than 300 nm. When the heat 

30 stability of the resulting phase difference laminated 
sheet is intended, it is advisable to impart a given 
degree of retardation to the first layer haivng a high heat 
resistance. 

The predetermined retardation is imparted by ori- 

35 enting the aforementioned high molecular material. 
Generally, it may be done by mono- or biaxial stretching 
a high molecular film of less optically anisotropic poly- 
mers such as polyarylates, polycarbonates, polysul- 
fones, polyether sulfbnes, polyvinyl alcohols and the 

40 like. These films can be made by any of the known film- 
making methods, but most preferred is a solvent casting 
method, with the finished surface appearance and opti- 
cal properties taken into consideration. 

The retardation depends on the film thickness and 

45 the degree of orientation of molecules, and the orienta- 
tion of molecules depends largely on the stretching con- 
ditions. For the precise control of retardation, it is 
preferable to make the first layer relatively thin and to 
have the control width for stretching conditions as large 

so as possible. For this purpose, it is advisable to select the 
thickness of the first layer preferably from a range of 20- 
1 50 |im and more preferably from a range of 40- 1 00 nm , 
As seen from Japanese Laid-open Patent Publication 
No. 1 60204^90 or Japanese Laid-open Patent Publica- 

55 tion No. 8551 9T91, it is possible to use properly any 
special material with its refractive index in the perpen- 
dicular (film thickness) direction different from that in 
any in-plane direction. In this case as well, the first layer 
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may not only be a single layer but also a plurality of lay- 
ers of not less than two. 

As the material constituting the second layer, gen- 
erally used is what is low in birefringence and is easy to 
make into a thick film and still another requirement is s 
that its heat resistance is lower than that of the first 
layer. When the second layer is heated to a temperature 
above the glass transition temperature in the lamination 
process of a heat-bonding method or the like, it is also 
possible to use a material not having low birefringence 
and in such a case the initial optical properties required 
of the second layer are sizably mitigated. The glass 
transition temperature of any material constituting the 
second layer is naturally dependent upon the required 
level of heat resistance but generally it is enough if it is 
not less than 100°C, but it is preferred to be not less 
than 140°C and not less than 20°C lower than that of the 
glass transition temperature of the material constituting 
the first layer, and it is still more preferable if it is not less 
than 40°C lower than that. The heat resistance of the 
laminated plastic sheet of the present invention largely 
depends on that of the first layer. The second layer is 
composed of a single layer or a plurality of layers of not 
less than two. 

The material of the second layer is preferred to be 
compatible with that of the first layer and is to be chosen 
from the optimum plastic materials. The second layer 
contributes largely to the rigidity at room temperature of 
the laminated sheet. This layer is protected from ther- 
mal deformation by the first layer. Accordingly, even 
when heated at a temperature above the glass transi- 
tion temperature, either or both sides thereof are pro- 
tected by the first layer which is high in glass transition 
temperature and has its form retained without f luidizing 
even under pressure-caused stress. The required thick- 
ness of the second layer is determined, like that of the 
first layer, by the properties required of the laminated 
sheet, but it is 80-20% of the entire thickness of the lam- 
inated sheet. 

Although plastic laminated sheet of the present 
invention can be molded by a melt co-extrusion method 
applicable to individual plastics constituing each layer, it 
is also possible to attain a high-grade plastic laminated 
sheet after forming each layer as a film of the required 
thickness individually by a solvent casting method or a 
melt-extrusion method. Lamination by the use of an 
adhesive is also possible but in such a case, careful 
selection of the adhesive is required lest the heat resist- 
ance of the laminated sheet should be affected. Lami- 
nation by heating is preferred in respect of properties at 
high temperatures being taken into account. In this 
case, selection of the materials is to be done with the 
compatibility of the first and the second layers taken into 
due consideration. 

When polyarylates or polycarbonates are used as a 
material of the first layer, polyesters, polyarylates, poly- 
carbonates or the like with its relatively low glass transi- 
tion temperature are suitable materials for the second 
layer. Polycarbonates comprising bisphenol A and 



terephthalic acid are being widely used as an engineer- 
ing plastic and are suitable materials of the second 
layer, since they have a moderate glass transition tem- 
perature of about 1 50°C and good compatibility with the 
first layer, in addition to properties and cost. 

Since the heat resistant optical plastic laminated 
sheet of the present invention is, as mentioned above, 
composed of the first layer and the second layer lami- 
nated together, it is a feature to obtain a heat resistant 
thick film at a reasonable cost, utilizing the merit of the 
solvent casting method enabling the production of a thin 
film excelled in optical properties. Also when a lami- 
nated sheet is formed by lamination, the film obtained 
by the solvent casting method is usable as the high 
heat-resistant layer (first layer) excelled in optical prop- 
erties and surface smoothness. Further, since materials 
relatively low in glass transition temperature and 
excelled in optical properties are produced easily with 
high producibility by the melt-extrusion method, it is also 
possible to use the melt-extrusion film as the second 
layer for saving of the cost of the laminated sheet. 

Since, according to the heat lamination method, the 
second layer is heated to above the glass transition 
temperature in the course of lamination, the film formed 
is subjected to the effect of heat annealing. Accordingly, 
the birefringence the single film possessed is thereby 
lowered and improved, and the resulting laminated 
sheet has a feature of its retardation smaller than the 
sum of each retardation of each film. One of the meth- 
ods of proper hot lamination is heating by a heat roll or 
a belt. Artough the required heating varies depending 
upon materials to be lamianted, it is preferable to set a 
temperature higher than the glass transition tempera- 
ture of the material of the second layer and lower than 
the glass transition temperature of the material of the 
first layer. Hot lamination may also be done by first pre- 
liminarily pressing at a relatively low temperature and 
then regularly pressing at the laminate temperature, i.e. 
conducting heating in a plurality of steps. It may also be 
possible to use a vacuum laminating system to ensure 
against involving of bubbles at the time of heat lamina- 
tion. 

In the plastic laminated sheet of the present inven- 
tion of the aforementioned structure, the sheet thick- 
ness is preferred to be 0.2-1 mm, and more preferably 
0.3-0.7 mm for the desired rigidity and for keeping the 
desired common usability with glass or interchangeabil- 
rty therewith in the process. As to optical properties, the 
total ray transmission is preferred to be not less than 
80%. 

The plastic laminated sheet of the present inven- 
tion, allows, like glass, secondary processing for photo- 
electronic substrates such as transparent conductive 
processing, but as processing conditions, it is neces- 
sary to find out optimum conditions from the conditions 
now adopted for processing of transparent conductive 
films. Also, since, unlike glass substrate, its barrier per- 
formance against oxygen, water vapor etc. is poor, 
organic gas barrier processing by the use of ethylene- 
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vinylalcoho! copolymers or polyvinyl idene chlorides, or 
inorganic gas barrier processing by the use of silica alu- 
mina or the like has to be done as necessary. 

Meanwhile, as mentioned above, it is possible to 
impart, in advance, some function to at least one of the s 
first layers. For example, it is also possible to obtain a 
plastic laminate sheet integrated with a phase differ- 
ence film by pre-stretching the film constituting the first 
layer and imparting thereto a predetermined birefrin- 
gence, followed by lamination thereof. Since, in this 10 
case, the phase difference film constituting the first layer 
has a high glass transmition temperature, there is no 
risk of undue lowering of retardation even in the case of 
heat lamination, a highly retardation-controlled sheet 
being thus attainable. is 

In cases where the first layer made of a phase dif- 
ference film is provided on both sides of the second 
layer and the optical axes of the phase difference films 
are kept parallel, the phase difference of the resulting 
sheet is the sum thereof. When the first layers are so 20 
arranged, it is possible to ensure against unfavorable 
deformation of the resulting sheet such as warping com- 
pared with the cases where phase difference is caused 
to occur in one first layer on either side. As to the phase 
difference films constituting the first layer, it is also pre- 25 
f erred to have their optical axes properly crossed for the 
improvement of properties such as contrast of the 
resulting liquid crystal display device. Normally, STN liq- 
uid crystal display devices require a plurality of phase 
difference films besides the substrate but when such 30 
arrangement is adopted, the construction of the liquid 
crystal display device can be made simpler since the 
substrate materials have the functions of a plurality of 
phase difference films. The angle of the relative optical 
axes of a pair of the first layers is determinable in rela- 35 
tion to the parameters for designing the liquid crystal 
display device. According to the laminated sheet of the 
present invention, what has the required relative angle 
is obtainable with ease. 

The present laminated sheet has no limitation with 40 
the provision of layers other than the first and the sec- 
ond layers. 

A pair of the first layers may or may not be same in 
retardation. If necessary, even the kind of materials con- 
stituting the first layer may be varied. 45 

It is also possible to use as the first layer a film with 
a transparent and conductive layer on its surface so that 
even a transparent and conductive plastic laminated 
sheet may be prepared. Further, it is also possible to 
provide a phase difference film as one of the first layers so 
and a conductive film as another thereof, to thus obtain 
an integral laminated sheet having both phase differ- 
ence feature as well as conductive feature. 

From a viewpoint of heat resistance and optical 
properties, the plastic laminated sheet of the present ss 
invention is usable in common with or interchangeable 
with glass, being thus widely useful as the substrate for 
photoelectronic elements. Moreover, it is excelled in 
impact strength and light weignt and is particularly 



suited as the substrate for liquid crystal display ele- 
ments which are required to be progressively greater in 
area. 

The present invention will be described in greater- 
detail by way of examples below, but the present inden- 
tion is in no manner limited thereto. 

Example 1 

As the first layer material, an A4-size transparent 
pdyarylate film (Elmech F-1100: registered trademark 
of Kanegafuchi Kagaku Kogyo Kabushiki Kaisha) made 
by the solvent casting method with a glass transition 
temperature of 215°C, a retardation of 10nm and a 
thickness of 75 iim was used and as the second layer 
material, a transparent polycarbonate film, containing 
bisphenol A-terephtharic acid at the principal chain, 
made by the solvent casting method, haivng a glass 
transition temperature of 150°C, a retardation of 13 nm 
and a thickness of 120 ^m was used, the polycarbonate 
film was placed between two polyarylate films and ten- 
tative pressing was made by the use of a vacuum lami- 
nator at 1 45°C. The tentatively bonded set of films was 
then inserted between glass plates, heated to 200°C, 
and the regularly bonded laminated sheet, 270 nm 
thick, was thus obtained. 

The softening temperature of the obtained lami- 
nated sheet was 245°C as determined by TMA analysis, 
being thus substantially equal to that of a pure polyar- 
ylate film. Meanwhile, the softening temperature of poly- 
carbonate was 180°C. The prepared laminated sheet 
well retained its form even when pressed at 200°C with 
a force of 20 kg/cm 2 , and had 20 nm in retardation, a 
high heat resistance and a good optical isotropy. The 
surface roughness was 0.028 um on the average, the 
ray transmission was 90% and the haze was 0.3%. 

Example 2 

Using a heat-resistant polycarbonate containing 
1 ,1 -bis-(4-hydroxyphenyl)-3,3,5-trimethyl cyclohexane 
and bis-phenol A as phenol components (glass transi- 
tion temperature: 206°C, Apec HT KUI-9371 : registered 
tradmark of Bayer A.G.) as a material, a polycarbonate 
film 75 \w\ thick and 8 nm in retardation was obtained by 
the solvent casting method. With this film as the first 
layer, a regularly bonded laminated sheet 270 nm thick 
was obtained in the same way as in Example 1 . 

The softening temperature of the laminated sheet 
thus prepared was 230°C as determined by TMA analy- 
sis, this being substantially equal to that of polycar- 
bonate alone used as the first layer. The prepared 
laminated sheet well retained its form even when 
pressed at 190°C with a force of 20 kg/cm 2 and had an 
excellent heat resistance and an optical isotropy, being 
19 nm in retardation. The ray transmission was 89% 
and the haze was 0.4%. 
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Example 3 

A 530 thick laminated sheet was obtained by 
melt-bonding two sheets of polyarylate films to the sec- 
ond layer in the same way as in Example 1 , except that 
as the second layer, a polycarbonate film (glass transi- 
tion temperature: 1 50°C, retardation: 1 50 nm) 400 \irr\ in 
thickness was used. 

The softening temperature was 245°C and the 
retardation after pressing at 200°C with a force of 20 
kg/cm 2 was 19 nm. Its ray transmission was 90% and 
the haze was 0.3%. 

Example 4 

A phase difference film 380 nm in retardation and 
215°C in glass transition temperature was obtained by 
free-end longitudinal monoaxial stretching of a 75 pm 
thick polyarylate film prepared by the solvent casting 
method. This phase difference film and an unstretched 
polyarylate film 75 jam thick (glass transmission temper- 
ature: 21 5°C) were used as the first layer materials and 
a 200 iim thick polycarbonate film 20nm in retardation 
and 150°C in glass transition temperature made by the 
melt-extrusion method was used as the second layer 
material, a 340 jim thick laminated sheet with the phase 
difference film integrated was obtained by melt-bonding 
in the same way as in Example 1 . 

The laminated sheet thus obtained had a retarda- 
tion of 372 nm. The in-plane distribution of retardation 
was 7 nm, being thus quite satisfactorily unifofrm. The 
ray transmission was 88% and the haze was 0.9%. 

Example 5 

A 75 \im thick phase difference film having a retar- 
dation of 410nm was obtained by free-end longitudinal 
monoaxial stretching of a film of heat-resistant polycar- 
bonate used in Example 2. Using this phase difference 
film and an unstretched 75 nm thick heat-resistant poly- 
carbonate film as materials of the first layer and a 200 
jim-thick polycarbonate film 150°C in glass transition 
temperature and 20 jim in retardation as a material of 
the second layer, melt-bonding was carried out in the 
same way as in Example 1 and a 340 \isr\ thick lami- 
nated sheet with the phase difference film integrated 
was obtained. 

The laminated sheet had a retardation of 392 nm. 
The in-plane distribution of retardation was 12 nm, 
being quite satisfactorily uniform. The ray transmission 
was 89% and the haze was 0.8%. 

Example 6 

A 75 ^m thick polyarylate film (glass transit temper- 
ature: 215°C) having on one side an SiOx gas barrier 
layer and an ITO transparent conductive layer formed 
successively and having 60 OJo in surface resistance, 
and the polyarylate film described in Example 1 were 



used as materials of the first layer and a 200 ^m-thick 
polycarbonate film having a glass transition temperatire 
of 150°C and a retardation of 20nm formed by the melt- 
extrusion method, used in Example 4 was used as a 

5 material of the second layer, the polycarbonate film was 
put between the aforementioned two kinds of polyar- 
ylate films and melt-bonding was carried in the same 
way as in Example 1 and a plastic laminated sheet hav- 
ing a transparent conductive layer on the surface was 

lo obtained. 

The resulting laminated sheet was 350 thick, its 
surface resistance being 45 OJn. 

Example 7 

15 

The polyarylate phase difference film described in 
Example 4 and the transparent conductive polyarylate 
film described in Example 6 were used as materials of 
the first layer respectively, and 200 jim thick polycar- 

20 bonate film having a glass transition temperature of 
150°C and a retardation of 20nm molded by the melt- 
extrusion method used in Example 4 was used as a 
material of the second layer, melt-bonding was carried 
out in the same way as in Example 1 and a plastic lam- 

25 inated sheet having a transparent conductive layer as 
well as a phase difference film on the surface was 
obtained. 

The resulting laminated sheet was 347 um in thick- 
ness and and had a retardation of 369 nm and a surface 
30 resistance of 45 QJa. 

Example 8 

The plastic laminated sheet obtained in Example 1 
35 was used, an SiOx layer 500 A and an ITO layer 1000A 
were successively formed thereon by a vacuum sputter- 
ing method and a heat-resistant transparent substrate 
having a barrier layer and a transparent conductive 
layer was prepared. 
40 The resulting heat-resistant transparent substrate 
had a surface resistance of 52 OJo and an oxygen per- 
meability of not more than 0.7 cc/rr^/day. 

Example 9 

45 

A 58 jim thick-polyarylate transparent film (Elmech 
F-1100: registerd trademark of Kanegafuchi Kagaku 
Kogyo Kabushiki Kaisha) 215°C in glass transition tem- 
perature and 1 0 nm in retardation, formed by the solvent 

so casting method, was monoaxially stretched and a 
phase difference film 380± 3 nm in retardation was 
obtained. Using this phase difference film as the first 
layer and as the material of the second layer 400 iim- 
thick polycarbonate film 150°C in glass transition tem- 

55 perature and 30 nm in retardation formed by the melt- 
extrution method, the polycarbonate film was put 
between the two sheets of aforementioned polyarylate 
phase difference films so that their optical axes were 
intersected at 70 ° , then subjected to the melt-bonding. 
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The securely bonded laminated sheet 550 nm thick and 
300 mm x 400 mm in size was obtained. 

The two sheets of films forming the first layer had 
retardation of 388± 5 nm and 390± 4 nm, respectively. 
The ray transmission was 89% and the haze was 1 .5%. 

Example 10 

The polyarylate transparent film used in Example 9 
was monoaxially stretched and a phase difference film 
200± 3 nm in ratardation was obtained. Using this 
phase difference film as the first layer and the polycar- 
bonate film used in Example 9 as a material of the sec- 
ond layer, the aforementioned polycarbonate film was 
put between two sheets of polyarylate phase difference 
films so that their optical axes were parallel, and then 
melt-bonded. 

The retardation of the resulting laminated sheet 
was 388± 5 nm and the in-plane distribution of retarda- 
tion was quite satisfactory, being less than 3 nm per 1 
cm. The ray transmission was 88% and the haze was 

1.2%. 

Example 11 

As a material of the second layer, a 400 u.m thick 
polycarbonate film having a glass transition tempera- 
ture of 150°C and a retardation of 130nm, molded by 
the melt-extrusion method was used and was melt- 
bonded to two sheets of polyarylate films described in 
Example 9 in the same way as in Example 9, and a 550 
\im thick laminated sheet was obtained. 

The retardation values of the two first layers consti- 
tuting the obtained laminated sheet were 390 ± 4 nm 
and 385± 3 nm, respectively, and the initial retardation 
of the second layer had no major influence on the retar- 
dation of the obtained laminated sheet and its optical 
performance was similar to that shown in Example 9. 
The ray transmission was 89% and the haze was 1 .5%. 

Example 12 

A 55 nm-thick polyarylate phase difference film, 
prepared by the solvent casting method, having a glass 
transition temperature of 21 5°C and a retardation of 420 
nm was used as the first layer and the polycarbonate 
film used in Example 9 was used as the second layer. 
The second layer was sandwiched between two sheets 
of films of the first layer with their optical axes alterna- 
tively crossed at 45° and a laminated sheet 530 nm 
thick was obtained by melt-bonding. The retardation val- 
ues of the two sheets of the first layer after lamination 
were 403 nm and 409 nm, respectively. The ray trans- 
mission was 88% and the haze was 1 .6%. 

Example 13 

A heat-resistant polycarbonate (glass transition 
temperature: 206°C. Apec HT KUI-9371: registered 



tradmark of Bayer A.G.) containing as phenol compo- 
nents 1 . 1 -bis-(4-hydrophenyl)-3,3,5-trimethylcyclohex- 
ane and bisphenol A was used and a 75 \im thick heat- 
resistant polycarbonate film (A4-size, retardation: 8 nm) 

5 was obtained by the solvent casting method. Further, 
this film was subjected to the free-end longitudinal 
monoaxial streching to obtain a phase difference film 
having a retardation of 410 nm. 

This phase difference film was used as the first 

10 layer and a 200 jim thick polycarbonate film formed by 
the melt-extrusion method having a retardation of 20 nm 
was used as the second layer, and a 340 \xrr\ thick lami- 
nated sheet with phase difference film integrated was 
obtained by the melt-bonding in the same way as in 

75 Example 9 . After lamination, the retardation values of 
the two sheets of the first layer were 392 nm and 390 
nm respectively. The in-plane distribution of retardation 
was 12 nm, being thus quite uniform. The ray transmis- 
sion was 88% and the haze was 1 .5%. 

20 

Example 14 

The monoaxially stretched polyarylate phase differ- 
ence film used in Example 9 was used and on either 

25 side thereof, a 500A thick gas barrier layer comprising 
an SiOx was formed by the surface sputtering method. 
As the material of the second layer, the polycarbonate 
film used in Example 13 was used, the polycarbonate 
films was sandwitched between the surfaces having no 

30 gas barrier layers of the two sheets of polyarylate films 
and subjected to the melt-bonding in the same way as in 
Example 9, and a birefringent plastic laminated sheet 
with a barrier layer on its surface was thus obtained. 
This sheet had 350 nm in thickness, not more than 0.7 

35 cc/rrr^/day in oxygen permeability and its surface cov- 
ered by the barrier layer showed a good chemical resist- 
ance. 

Example 15 

40 

The laminated sheet obtained in Example 9 was 
used, on the surface of either of the layers of which an 
SiOx layer 500A in thickness and an ITO layer 1 ,500 A 
in thickness were successively formed and a heat- 

45 resistant and transparent substrate having both the bar- 
rier layer and the transparent conductive layer was thus 
obtained. This laminated sheet had 30 QJa in surface 
resistance and not more than 0.8 cc/m 2 /day in oxygen 
permeability. The retardation of the laminated sheet 

so remained unaltered before and after sputtering and a 
birefringent transparent conductive sheet having a good 
optical performance was obtained. 

Industrial Applicability 

55 

As mentioned above, the present invention pro- 
vides a heat resistant transparent plastic laminated 
sheet having excellent impact strength and rigidity. The 
plastic laminated sheet of the present invention is quite 
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useful as a glass-substituent optical substrate in the 
field of photoelectronics, especially in the field of liquid 
display devices. 

Claims s 

1 . An optical plastic laminated sheet excellent in heat 
resistance and transparency, comprising a laminate 
of at least one first layer of an optically transparent 
polymer and a second layer of an optically transpar- 10 
errt polymer having a lower glass transition temper- 
ature than that of the first layer polymer. 

2. The optical plastic laminated sheet according to 
claim 1 , wherein the first layers are placed on both 15 
sides of the second layer. 

3. The optical plastic laminated sheet according to 
claim 1 or 2, wherein a retardation of the laminated 
sheet is not more than 50 nm. 20 

4. The optical plastic laminated sheet according to 
claim 1 or 2, wherein a retardation of the laminated 
sheet is not less than 100 nm. 

25 

5. The optical plastic laminated sheet according to 
any one of claims of 1 to 4, wherein the first and the 
second layers are directly laminated. 

6. The optical plastic laminated sheet according to 30 
any one of claims of 1 to 5, wherein the first layer is 
made of an optical transparent polyarylate or poly- 
carbonate, having aromatic groups in the principal 
chain. 

35 

7. The optical plastic laminated sheet according to 
any one of claims 1 to 6, wherein the second layer 
is made of a polycarbonate. 

8. The optical plastic laminated sheet according to 40 
any one of claims 1 to 7, wherein the first layer has 

a transparent conductive layer on its surface. 

9. A method of producing an optical plastic laminated 
sheet excellent in heat resistance as well as in 45 
transparency, wherein a film of an optically trans- 
parent polymer constituting a first layer and a film of 

an optically transparent polymer having a lower 
glass transition temperature than that of the first 
layer polymer, constituting a second layer are lami- so 
nated. 

10. The method according to claim 9. wherein a film 
constituting the first layer and a film constituting the 
second layer are heat laminated directly. 55 

11. The method according to claim 9 or 10, the first 
layer film to be laminated is obtained by a solvent 
casting method. 



12. A heat-resistant transparent substrate for photo- 
electronic elements, using the optical plastic lami- 
nated sheet according to any one of claims 1 to 8. 
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